Insulin secretion in mature ß cells increases vigorously when extracellular glucose concentration rises. Glucose-stimulated insulin secretion depends on 
Introduction
Insulin secretion by pancreatic rat adult ß cells is dependent on extracellular glucose concentration, while fetal ß cells do not discriminate between different glucose levels. In fact, ß cells of fetal mammals are considered immature and animals depend on their mother to regulate glucose homeostasis (20) . It has been suggested that in neonatal islet cells, the reduced insulin release in response to glucose is associated with a diminished increase in [Ca exclusively expressed, shows that 1D subunit is preferentially linked to glucosestimulated insulin secretion, rather than the 1C subunit (23). In contrast, other groups suggest that 1C subunits are required for fast insulin secretion, associated to the first phase of insulin secretion in mice and RINm5F cells (1, 38, 40, 51) .
In order to better understand postnatal ß cell maturation, in this study we compared barium currents in isolated neonatal and adult ß cells. We also analyzed glucose sensitivity, insulin synthesis and secretion, calcium channel expression, as well as synthesis and molecular expression of 1-subunits forming voltage-gated Ca 2+ channels.
the other cases. Negative controls of the secondary antibodies were accomplished by incubating samples first with the primary anti-VGCC antibody, then with the Cy5-conjugated F(ab')2 fraction of goat anti-rabbit IgG (1:50 dilution), and finally with the unmatched secondary antibody (i.e. anti-guinea pig FITC). As expected, this procedure gave good Cy5 signal but no FITC signal.
Fluorescence imaging of cultured pancreatic cells and single cell fluorescence
quantification. For imaging of specific immunoreactivity, cultured cells were viewed under epifluorescence microscopy using a Nikon Diaphot inverted microscope equipped with a 100 W mercury lamp and a filter set appropriate for Cy5 (excitation 647 nm/DF32, emission 680 nm/DF32; Omega optical;
Brattleboro VT, USA) and FITC (excitation 488 nm/DF32, emission 522 nm/DF32; Omega optical), and fluorescence images of each field were obtained separately. Samples were examined with high magnification using an oilimmersion fluorescence objective (63X, 1.3 NA, Leitz Wetzlar, Germany). Digital images were acquired with a cooled CCD digital camera (SenSys 0401E An assessment of the expression of Ca 2+ channel protein in the plasma membrane relative to the cytoplasm was done as described by Viard et al., 2004 (46) , with some modifications. Briefly, a line of 50 pixels was drawn on the image of each cell in the field, avoiding the cell nucleus (MetaMorph), and the intensity profile (fluorescence intensity measured over distance) was produced (see (7). Briefly, patch electrodes with a tip resistance of 1.5-3 M were pulled from capillary tubes KIMAX-51 (Kimble Glass, Vineland NJ).
Electrode tips were coated with Sylgard (Dow Corning, Midland, MI). The external solution consisted of (mmol/l): 125 NaCl, 5 KCl, 2 MgCL 2 , 10 BaCl 2 , 10 HEPES, and 10 glucose. The internal solution contained (mmol/l): 120 CsAsp, 10
CsCl, 5 CsF, 2.5 Cs-BAPTA, 10 HEPES, and 10 tetramethylammonium-Cl and 2.5 ATP. Na + current was blocked by the addition 100 nmol/l of TTX to the external solution.
The capacity transient of the pipette was canceled before the cell membrane was ruptured, and total cell capacitance was determined by digital integration of capacitive transients with +10 mV pulses, from a holding potential of -80 mV. Cell capacitive transients were canceled, and series resistance was compensated by using the internal voltage-clamp circuitry. Remaining linear capacity transients as well as leakage currents were subtracted by a P/2 on-line procedure.
The pulse protocol used for the analysis of the IBa 2+ currents (IBa   2+ ) consisted of depolarizing test pulses of 15-ms duration, from -60 to +50 in 10 mV increments, from a holding potential of -80 mV. IBa 2+ current activation curves were obtained by converting the peak current values to conductances.
Where IBa 2+ is the peak current value, Vm is the command pulse potential, and ErBa 2+ is the apparent reversal potential, obtained by extrapolation of the I-V relationships, which in most cases was ~ +56 mV.
Conductance values were normalized and fitted to the Boltzmann relation:
Where g is the IBa 2+ peak conductance, gmax is the maximal IBa 2+ conductance, V 1/2 is the midpoint of the activation curve, and k is the activation steepness factor. The present study demonstrates that neonatal rat ß cells do not discriminate between different glucose concentrations and secrete less insulin than adults.
This deficiencies result, at least in part, from the following:
Neonate ß cells express less insulin mRNA than adults, suggesting reduced insulin biosynthesis. Moreover as neonate cells secrete less insulin, even when glucose concentration is high, they are more immunoreactive to the hormone than adults, suggesting that they tend to accumulate the hormone.
Neonatal ß cells express all calcium channels subtypes that are observed in the adults. However, neonatal Ba 2+ current density is lower and levels of mRNA coding 1C, D and G subunits of calcium channels are reduced compared to adult ß cells. Additionally, the percentage of L-type channels which have been described as the most important for insulin secretion is reduced in neonate ß cells. These observations may explain why insulin secretion in neonate ß cells is weaker than in adults.
In addition, neonate ß cells express less GLUT-2 transporters in the membrane than adults. This observation suggests that maximum glucose transport could be reduced in neonates and become saturated at high glucose concentrations. It is interesting to observe that the low expression of GLUT-2 in the membrane of immature ß cells reflects a physiological state, while a reduced expression of GLUT-2 transporters can also be observed in type 2 diabetes (9). In both cases the deficiency results in the inability to discriminate between different glucose concentrations.
Neurons and myocytes exhibit a changing pattern of Ca 2+ channel expression during development (19, 24, 31, 45) . This type of regulation has not been previously reported in pancreatic ß cells and it resulted interesting because it could be related to the functional maturation of ß cells.
It has been reported that L-type calcium channels tend to be located near insulin In this study we observed a lower expression of both mRNA for 1D and 1C subunits in neonate rat ß cells compared to adults; moreover, the level of expression these channel types in the membrane are less abundant in neonates than in adults. These observations could partially explain why neonate ß cells, even though their hormone content is higher, secrete less insulin than adult ß cells. We have previously observed that in adult ß cells, nifedipine completely blocked glucose-stimulated insulin secretion without affecting basal glucose secretion (8, 36) . In this study we measured the effect of different calcium channels blockers in immature ß-cells without success (data not shown). This lack of effect could be due to their insensitivity to high glucose concentrations.
Insulin secreting cell lines express functional N-type calcium channels which are important for insulin secretion (17, 43); however it has not been clearly established if primary pancreatic ß cells express this type of channels, and their role in the glucose-induced insulin secretion is still under debate (12, 22, 34, 43, 45 Data are mean ± SE. The parameters were determined from data shown in Figure 4C , which represents the Boltzmann fit to the data (see Research design and Methods section), n = 12 neonatal cells and n = 10 adult cells. 
